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Abstract
As the prevalence of mental health illnesses among the adolescent population continues to rise in the
U.S., it is important to further research this subset of the population in order to improve policy and reduce
economic costs across their lifetime. Recent literature has shown the importance of rank for adolescents on
various topics related to academic achievement. None of these papers have however addressed the eﬀect of
rank on mental health outcomes in-depth.
In this study, we fill this gap in the literature by exploring the eﬀects of two diﬀerent types of
rank, namely cognitive ability rank and academic rank, within a school-cohort, on adolescent mental health
outcomes. The primary issues for establishing causation are selection into schools and reverse causality.
Using the restricted-use data from Add Health, we attempt to alleviate the model from seleciton into school
bias by exploiting idiosyncratic variation at the school-cohort level, we utilize two instrumental variables
based on predetermined characteristics of peers to deal with the reverse causality issue.
We find that both ranks have a robust negative eﬀect on various adolescent mental health outcomes,
namely depression and the likelihood of depression and suicidal ideation. In other words, an increase in
rank decreases the magnitude of these mental health disorders. The structure of the paper adheres to the
following format: Section 1 further introduces the topic, Section 2 describes the data and variables, Section
3 explains the empirical strategy, and Section 4 provides the baseline results, and Section 5 concludes the
study.
2
1 Introduction
Mental health disorders became the most expensive healthcare cost in the United States in 2013,
totaling to $201 billion (Roehrig, 2016). Depression, as the most prevalent disability in people aged 15-44,
was estimated to create an economic burden of $210.5 billion in 2010 when including both direct and indirect
cost (Greenberg et al., 2015). Despite such drastic economic costs, the literature in economics on mental
health is still fairly sparse.
Considering treatment for mental disorders like any other illness produces better outcomes when
treated early, it becomes essential to gain a clearer understanding of mental health disorders in adolescents
not only for the sake of their health but also to reduce economic costs across their lifetime. The World Health
Organization regards adolescent years as a critical time to address mental health disorders. They estimate 50
percent of all mental health disorders appear before the age of 14 and 75 percent by mid-20s (“Adolescents
and mental health,” n.d.). Despite the eﬀorts of such organizations calling out for further mental health
awareness and treatment, the prevalence of mental health disorders in adolescents has continued to increase
in recent years. According to the National Institute of Mental Health, 3.1 million adolescents, or about
12.8% of the total population, aged 12 to 17 had at least one major depressive episode over the past year in
2016 ("Major Depression," 2017). Moreover, another study found that the adolescent depression rate in the
United States increased by 32% from 2005 to 2014 (Mojtabai et al., 2016).
One factor playing a role in the surge of adolescents with mental disorders is chronic stress. College
admittance is becoming increasingly more competitive. In order to get into a renowned university, students
are expected to have a high-class rank with near straight A’s on top of an exceptional SAT scores and a
plethora of extracurricular activities. While having more engaged and motivated students can be positive, it
may also have negative eﬀects on their mental health. In a survey by the American Psychology Association,
millennials have repeatedly reported the highest level of stress compared to older generations. They had an
average stress level of 5.7 out of 10, a slight increase from 5.6 in the previous year, while Generation X, Baby
Boomers, and other older generations had scores of 5.3, 3.9, and 3.3, respectively ("Stress in America: The
State of Our Nation," 2017). Similarly, in another survey by the American Psychology Association, 52% of
teens reported stress was impacting their mental health, and school was the largest stressor (Bethune, 2014).
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This trend of increased stress and depression seems to even intensify during college years. College
campuses have seen an increase in the number of student seeking mental health services by about 30-40% since
2010, which has caused some universities’ services to have reached capacity ("2017 Annual Report," 2018).
According to the American College Health Association, 45% of college student reported even more than
average levels of stress during the past year, and approximately one in every five students felt so depressed
at least once in the year to the point it aﬀected their daily functioning ("Reference Group Executive Summary
Spring 2017," 2017).
Using the restricted-use data from the National Longitudinal Study of Adolescent to Adult Health, we
will explore the eﬀects of rank within a school-cohort, meaning a grade within a school, on adolescent mental
health outcomes. Several studies thus far have studied the correlation between academic achievement and
depression. These studies have found evidence to show there exists a negative relationship between the two
variables. Specifically, as students become more depressed their academic achievement, usually measured by
GPA, will subsequently fall (McArdle et al., 2014; Shippee & Owens, 2011; Grimm, 2007; Faust et al., 1987).
Rank however adds another channel by capturing the eﬀects of one’s academic standing in comparison to
their peers, which can be interpreted as their relative competitiveness.
To illustrate the logic behind the eﬀect of rank on mental health outcomes, consider two students with
the same test scores. Although their raw figures are the same, they may diﬀer in rank due to the composition
of their school cohort, and therefore may consequently have diﬀerent mental health outcomes. For example,
student one may be in a relatively more competitive school cohort, where the average student’s ability is
much higher than the national average, making his or her rank lower than student two’s. The opposite occurs
when student one is in a relatively low-ability school, where the average student’s rank is much lower than
the national average, making his or her rank higher than student two’s. We predict rank to aﬀect student
stress levels, self-concept, and perceived intelligence. Evidence shows self-concept and perceived intelligence
are aﬀected by one’s rank within a reference group (Murphy & Weinhardt, 2013; Elsner & Isphordoing,
2016). We expect students on the high end of the distribution to have increased amounts of stress, a better
self-concept, and a higher perceived intelligence. We expect students with low ranks to have the opposite
outcome. Since these eﬀects are opposing, there may exists a non-linear relationship between rank and
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mental health.
We utilize two diﬀerent rank measures, specifically academic rank and cognitive ability rank, due to
each rank’s potential ability to capture diﬀerent aspects of each student’s relative competitiveness. Academic
rank, measure by grade point average (GPA), is advantageous because students are likely aware of this rank
since most schools provide this information. Whereas, cognitive ability rank, measured by the Standardized
Peabody Picture Vocabulary Test (PPVT-R) is beneficial as it is not subject to nearly as many external
factors as GPA (Dunn & Dunn, 2007). As for the outcome variable, we primarily use a well-known self-
reported depression questionnaire called the Center for Epidemiologic Studies Depression Scale, or CESD
for short (Randolﬀ, 1977). In addition, we further our analysis on mental health by also analyzing four more
outcome variables: dummies for depression and suicide ideation, the Beck Anxiety Inventory, and a measure
for self-esteem (Steer & Beck, 1997).
In order to find a causal relationship, we exploit idiosyncratic variation at the school-cohort level
through a fixed eﬀect model with two instrumental variables based on predetermined characteristics of peers.
The first main threat to identification is selection into school, implying students or parents select a school
based on unobservable school factors. We attempt to alleviate bias from selection into school by utilizing
a fixed eﬀects model at the school-cohort level, which eliminates all mean diﬀerences between schools and
cohorts.
The next major concern is that rank is just a proxy for ability. In other words, rank does not directly
aﬀect adolescents but indirectly aﬀects these variables due to its correlation with ability. Under these
circumstances, ability, i.e. GPA and PPVT-R score, would be our main variables of interest. We are able to
account for this identification threat by including a flexible polynomial of achievement as a proxy for ability,
allowing our model to obtain the eﬀect of rank.
Finally, we must also address the issue of reverse causality, meaning mental health could be aﬀecting
rank rather than rank aﬀecting mental health. The flexible control of achievement also helps here because
it ensures that the variation in rank will be driven by peer variation rather than individual external factors.
However, this does not completely solve the issue, and we have therefore included two instrumental rank
variables based on predetermined peer characteristics at the school-cohort level, namely a parental education
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rank and a family income rank. These two instruments are predetermined, i.e. we assume a child’s CES-
D does not aﬀect parental education and family income. Consequently, we are able to uncover a causal
relationship between rank and mental health outcomes. In this more conservative model, the instrumental
variable uses a two-stage least square regression analysis to capture the causal relationship.
Our paper contributes to the existing literature by adding to the discussion of rank as there have
been several notable papers that have studied the eﬀects of rank (Elsner & Isphordoing, 2016; Murphy &
Weinhardt, 2013). These papers have however focused on educational outcomes, whereas we will be focusing
on mental health outcomes. We will also be contributing to the mental health peer eﬀects literature since
rank is also a type of peer eﬀect. Studies have shown depression can be "contagious," implying the mental
health status within a reference group can directly aﬀect one’s mental health (Joiner, 1994; Haeﬀel & Hames,
2013; Katz et al., 1999).
In summary, we find both academic rank and cognitive ability rank have significant negative robust
eﬀects on adolescent mental health outcomes. After we include the instrumental variables, which is our most
conservative model, we find that academic rank and cognitive ability rank both have negative relationships
with our scale of depression, the probability of depression, and the probability of suicidal ideation.
2 Data and Descriptive Statistics
2.1 Add Health Data
For this study, we will be using the Wave I restricted-use data from the National Longitudinal Study
of Adolescent to Adult Health, otherwise known as Add Health, which is the largest and most comprehensive
longitudinal survey of adolescents. They first selected a nationally representative group of schools across
the country and had all students who were present complete an In-School Questionnaire. The subjects of
the data were students from grades 7 to 12, or equivalently ages 13 to 18, in 80 high schools and 52 middle
schools across the United States. To complement this, a portion of these students were asked to partake in
a series of In-Home Interview during the years 1995, 1996, 2001, 2002, and 2008. The first two waves were
conducted while students were still in school, and the last three were held after all students transitioned into
6
adulthood. Altogether, Add Health collected data from approximately 90,000 In-School Questionnaires and
20,000 In-Home Interviews.
Add Health selected approximately 17 males and 17 females in each school-cohort to participate in an
In-Home Interview, which accounts for approximately 22% of each school-cohort besides the 16 saturated
schools, where all students received In-Home Interviews. Most of these students were randomly selected apart
from certain groups of interest who were oversampled. These groups include Cubans, Puerto Ricans, Chinese,
Blacks with highly educated parents, disabled students, full siblings, half siblings, adopted adolescents, and
twins.
2.2 Outcome Variable: Mental Health Outcomes
2.2.1 Depression
The primary outcome variable is depression. This variable can be computed with this dataset through
the Center for Epidemiologic Studies Depression Scale, otherwise known as CES-D, which is one of the most
well-known tools to measure psychological distress. There is also suﬃcient evidence that the CES-D measure
is appropriate and reliable to use as a proxy for depression, especially for high school students and adults
(Radloﬀ, 1991).
The CES-D questions are intended to gauge whether the subjects have experienced depressive symp-
toms in the past week, including dysphoria or sadness, anhedonia (loss of interest), sleep, appetite, concen-
tration, worthlessness or guilt, fatigue, movement and agitation, and suicidal ideation. In a normal test,
respondents are asked 20 questions related these symptoms with responses from 0 for "never or rarely" to
3 for "most or all of the time." The answers are then summed to determine a depression scale that ranges
from 0 to 60, where a higher score translates to higher depression. A score of 16 is the subthreshold for a
person to be at risk for clinical depression, meaning a person with this score or below is not at risk (Radloﬀ,
1977).
In our data, the participants were provided with 19 questions from the CES-D test during In-Home
Interview, making our CES-D measure range from 0 to 57. Our threshold for depression would be 15.2, but
we round up to 16 since CES-D scores are whole numbers. In comparison with the original CES-D, two
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statements about restless sleep and crying spells were omitted, and the last statement, "You felt life was not
worth living.," was added to the list. Appendix 6.1 contains further information about our CES-D measure.
2.2.2 Other Measures
In addition to the CES-D variable, we have also utilized several other outcome variables: dummies for
depression and suicidal ideation and measures for anxiety and self-esteem. The depression dummy variable
is defined as 1 for those with a CES-D greater than 16 and 0 otherwise. The suicidal ideation dummy is
created from a question in the suicide portion of In-Home Interview, namely "During the past 12 months,
did you ever seriously think about committing suicide?"
For the anxiety measure, we utilize an abridged version of the Beck Anxiety Inventory using Jacobson
and Newman’s (2014) version as a guide. The most common form of the test has 21 questions that ask
respondents if they have felt various symptoms of anxiety in the past 12 months with responses from 0 for
"never" to 4 for "every day." These symptoms include anxious mood, tension, fears, insomnia, intellectual,
depressed mood, somatic (muscular and sensory), cardiovascular, respiratory, gastrointestinal, genitourinary,
autonomic, and behavior during the interview. The responses are then aggregated and the scores range from
0 to 84, where a higher score means greater symptoms of anxiety. Steer and Beck conclude the threshold
for moderate to severe anxiety is 19. Our version has six questions, making our scores range from 0 to 24.
Assuming proportionality, our threshold for anxiety would be 5.4 but we round up to 6 since these scores
are whole numbers. Our measure includes several diﬀerent factors associated with anxiety, such as cognitive,
somatic, and behavioral (Steer & Beck, 1997).
Regarding self-esteem, we use a self-esteem measure by Fruehwirth et al. (2016). This measure uses
four questions related students’ confidence in their own worth and abilities with responses ranging from 1
for "strongly disagree" to 5 for "strongly agree." The responses are then aggregated to create a point score
that ranges from 0 to 20, where a higher score translates to a higher self-esteem. Further details about the
anxiety and self-esteem measures can be found in Appendix 6.4 and 6.5, respectively.
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2.3 Explanatory Variable: Rank
We include two measures of rank, GPA rank and the Peabody Vocabulary Test rank, since each
measure has its individual advantages and disadvantages. The GPA rank measures academic achievement
while the Peabody Vocabulary Test measures cognitive ability. The main advantage of academic rank is that
students are more likely informed of this measure since most schools provide a class rank. The main advantage
of the cognitive ability rank measure is that it is not subject to as many external factors as academic rank
since the Peabody Test Score like other cognitive ability tests are typically viewed as predetermined. The
disadvantages of rank measures can be found in Section 3 under Potential Threats to Identification.
2.3.1 Academic Rank
One of the two explanatory variables for this paper will be academic rank, measured by GPA rank
within one’s school cohort. In the Add Health data, we are not given information on the true GPA of the
students. The students are however asked for their previous semester grades in English or language arts,
mathematics, history or social studies, and science. Each question has a response ranging from 1 for a "D
or F" to 4 for an "A." We then calculate the mean of whichever variables were answered by each respondent
in order to preserve as much of the sample as possible, which serves as a proxy for their true GPA. Next,
we ranked all student’s GPAs within their school cohort. Finally, we transform the ranks into percentiles in
interest of comparing GPA rank across school cohorts that vary in size and more importantly for the purpose
of comparing student’s relative competitiveness. The students with the highest rank in their school cohort
have a rank of one while the lowest-ranking students have a rank of zero. Further information about the
measurement for percentile GPA rank can be found in Appendix 6.2.
2.3.2 Cognitive Ability Rank
During the In-Home Interview, participants were given an abridged version of the Fourth Edition
of the Peabody Vocabulary Test, which provides estimates for verbal ability and scholastic aptitude. For
the test, the interviewer says a word and the interviewee must decide between four pictures which one best
describes the word. There are 87 questions and a standardized test has a mean of 100 and a standard
9
deviation of 15. The Peabody Vocabulary Test is similar to an IQ test and can therefore proxy cognitive
ability. Similar to the GPA ranking, we will convert these scores into percentile ranks.
2.4 Final Sample
Our core sample is the Wave I In-Home Interview sample, which has about 21 thousand observations.
Following Elsner and Isphording (2013)’s example, we exclude schools with 20 observations or less and all
grades with five students or less from our analysis, leaving approximately 96% of the sample. We also remove
all students who do not have data for their CES-D measure, GPA, Peabody Picture Vocabulary Test, further
decreasing the sample to 90% of the original (Column 2). Lastly, we remove those with missing observations
for our controls that are a mixture of individual and parental characteristics that we utilize in the regression,
which reduces our sample to 85% of the full Wave I In-Home Interview sample (Column 3 and 4). Our final
sample contains 17,678 students, 131 schools, and 466 school cohorts. The final sample mean and standard
deviation for each variable is approximately the same as before we dropped these observations.
The CES-D measure varies across subgroups. Females had a CES-D score that was about 2 points
higher than males. By race, White students had the lowest mean score of about 10.47, followed by Blacks,
students who identified as other, Hispanics, and Asians with a score of about 12.99. The mean CES-D scores
for students decreased as the highest level of education received between both parents increased. Adolescents
who did not have at least one parent with a high school diploma had the highest CES-D score, followed by
those with at least one parent who graduated high school, attended some college but did not graduate, and
finally those with at least one parent that graduated from university. Similar results follow for the highest
occupational status between both parents. Students who had at least one parent working a white collar
high-skilled jobs had the lowest CES-D score followed by white collar low-skilled jobs, blue-collar jobs, other
types of jobs not listed in the survey, and those with parents unemployed. Lastly, those who were first or
second immigrants had a mean CES-D score about 1.4 points higher than their counterparts. To an extent,
we found similar results for the other mental health variables.
Percentile GPA rank and the Peabody Vocabulary Test rank also diﬀered considerably across sub-
groups. Male had lower mean percentile GPA ranks compared to females, but they had higher average
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Peabody Vocabulary Test ranks. Across races and ethnicities, Asians had the highest GPAs followed by
Whites, Others, Blacks, and Hispanics. As for the Peabody Vocabulary Test, Whites had the highest scores,
followed by Others, Asians, Hispanics, and Blacks. Both measures increased considerably as parental edu-
cational background and occupational status increased. Lastly, first and second-generation immigrants had
higher mean GPA ranks, but lower ability ranks. Further information about the summary statistics and
heterogeneity can be found in Tables 1, 2, and 3.
3 Empirical Strategy
We model mental health outcome, Yisc, for student i in school s in cohort c as:
Yisc =  0 +  risc + g(aisc) +Xisc 1 +  c +  s + ✏isc. (1)
We will be adapting the methodology in Elsner and Isphording (2016) to study mental health.  is the
parameter of interest as it defines the relationship between mental health outcomes and rank, either academic
rank or cognitive ability rank, within a school cohort.
g(aisc), is a flexible control for GPA or the Peabody Picture Vocabulary Test scores taken to the
fourth polynomial depending on which rank is being utilized. The point of including this is to control for
individual ability in a flexible way to ensure each rank is not just capturing non-linearities in ability. Xisc
is a vector of controls for individual characteristics, includes age in months, gender, race or ethnicity (Non-
Hispanic White, Non-Hispanic Black, Non-Hispanic Asian, Non-Hispanic Other, and Hispanic), a dummy
for migration background (equal to one for first and second generation immigrants), dummies for the highest
level of education received between both parents (less than high school, high school graduate, some college,
college graduate), and dummies for the highest occupational status between both parents (not working, blue
collar, white collar low-skilled, white collar high-skilled), and a dummy equal to one if the respondent had
ever repeated a grade.
 c is the set of cohort dummies that controls for the mean diﬀerences between grade levels 7 through
12 since there may be unobservable factors that aﬀect cohorts diﬀerent, such as diﬀerent age groups may
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be more susceptible to mental illness. Correspondingly,  s is the set of school eﬀects that controls for mean
diﬀerences between schools since there are unobservable factors that may be aﬀecting certain schools, for
instance school demographics. Lastly, ✏isc represents the sum of unobserved determinants of mental health.
In order for   to have a causal relationship with the dependent variable, we must assume strict exogeneity.
That is, E(✏isc|risc, g(aisc), Xisc,  c, s) = 0.
Our model is diﬀerent from Elsner and Isphording’s for several reasons. First, our outcome variables
are several measures of adolescent mental health outcomes while theirs is adult education attainment. Sec-
ondly, when we are using academic rank rather than cognitive ability rank, our explanatory variable also
diﬀers since we use GPA rank. Due to this, our controls for ability are also diﬀerent since we control for
both PPVT-R and GPA. Lastly, Elsner and Isphording include polynomials up to the fourth degree for their
rank measure, and we do not include polynomials in our most basic model.
3.1 Separate School and Cohort Fixed Eﬀects Model and Combined School-
Cohort Fixed Eﬀects Model
Using Elsner and Isphording (2013)’s approach, we will consider two diﬀerent models. They compared
one model with separate school and cohort fixed eﬀects and another with a combined school-cohort fixed
eﬀects. In either model, variation in rank for two students with the same GPA or PPVT-R score (depending
on which rank variable is being used) is identified through diﬀerences in the mean and variance of their
respective school cohort.
A model with separate school and cohort fixed eﬀects compares students in the same school with the
same observable characteristics and GPA or PPVT-R score but diﬀerent rank due to diﬀerences in cohort
distribution. The parameter of interest would be determined through all diﬀerences in the GPA and PPVT-
R distributions of each cohort within the same school. This model attempts to alleviate the selection into
school bias, or the idea that students decide to attend a school based on unobservable school factors, as it
eliminates mean diﬀerences between schools. When using this model, we have 131 school and 6 cohort fixed
eﬀects. This model requires specific school-cohort factors to be uncorrelated with the error term in order for
our estimates to be unbiased, which is most likely violated since these factors are subject to change year by
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year.
Using the second model with school-cohort fixed eﬀects, the terms  c and  s become one term, which
we will refer to as  sc. This model also attempts to alleviate the model from selection into school bias as it
removes all observable and unobservable mean diﬀerences between school cohorts. In eﬀect, we are able to
compare students from all school cohorts.
This model eliminates all of the mean diﬀerence between school cohorts along with the concerns related
to selection into schools and peer eﬀects from the first model.
When using this model, we have a total of 466 school-cohort fixed eﬀects. Considering the school-
cohort fixed eﬀects eliminates the concerns regarding selection into schools as well as the endogeneity concerns
listed in the first model, we will utilize this model, and the final empirical model becomes:
Yisc =  0 +  risc + g(aisc) +Xisc 1 +  sc + ✏isc. (2)
3.2 Other Potential Threats to Identification
3.2.1 Measurement Error for Cognitive Ability
As stated by Elsner and Isphording (2013), lack of knowledge of cognitive ability rank position, the
random sampling, oversampling of minorities, and gender stratification all add to the measurement errors for
cognitive ability rank. First, the cognitive ability rank is less likely to be known since Add Health does not
provide the students with their Peabody Vocabulary Test scores. They however do find evidence to support
the idea that students are knowledgeable about their relative rank. They found highly ranked students are
significantly more likely to believe they are more intelligent than the average person their age than students
of a lower rank.
Next, since only about 22% of students in each school cohort on average were given the Peabody
Picture Vocabulary Test, Elsner and Isphording measured the sampling variation, or average deviation of
sample rank from the true rank. They applied a bootstrap procedure to imitate stratified random sampling
using the data from the saturated schools, where all students received an In-Home Interview, to estimate the
sampling variation in ordinal rank. They estimated the standard deviation was 0.017, meaning a student will
13
on average be misplaced by 1.7 absolute positions away from their true rank. They concluded this deviation
is relatively small and insignificant.
As for oversampling of minorities, they state this oversampling would be an issue if minority students
had a lower average ability than white students, which would cause white students to have a higher ordinal
rank than the true value. They utilized the flags created by Add Health for those who were part of the
oversample and re-estimated percentile ranks with and without the oversamples and found the correlation
between the ranks to be about .99. Thus, oversampling of minorities is not a problem.
Concerning gender stratification, Add Health conducted In-Home Interview for the same number
of males and females without considering the gender distribution of each school cohort. To estimate the
measurement error, they compared the results from the In-Home Interview sample to a subsample of school
cohorts with approximately even gender ratios. They found that stratified sampling leads a downward bias.
3.2.2 Measurement Error for Academic Rank
The measurement errors listed above for cognitive ability rank are not relevant for academic rank. Lack
of knowledge of academic rank position is not an issue since most schools in the U.S. provide students with
their academic rank within their school-cohort. In addition, random sampling, oversampling of minorities,
and gender stratification are not issues for this rank measure since we were given grades for all students that
were present for the In-School Questionnaire. We can therefore more accurately proxy a student’s actual
rank, assuming most students were present during the questionnaire.
There are four main components leading to errors in the academic rank measure, namely the responses
available, the self-reporting aspect, data constraints, and external factors. Although the Peabody Vocabulary
Test is subject to data constraints since only 22% of each cohort’s score was actually taken, it is not exposed
to the first two errors since it is a standardized test taken by a professional nor external factors as cognitive
ability is predetermined.
First, the responses available for the interviewees did not diﬀerentiate between a D and F, which
should be recorded as 1 and 0, respectively. They also did not diﬀerentiate grades based on the rigor of the
courses taken. Most high schools have Advanced Placement and honors courses, which count more towards
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GPA. For example, an A is recorded as a 4 in a regular course, a 5 in an honors course, and a 6 in an AP
course.
Next, the self-reported aspect of the GPA measure creates errors because students may be misinformed
or inclined to inflate or deflate their scores. According to a study that also used the Add Health Data as
well as the Adolescent Health and Academic Achievement, which includes the students’ oﬃcial transcripts,
the mean of self-reported GPA was 2.86 while the mean of oﬃcial GPAs was 2.44, meaning the diﬀerence is
about half a letter grade. They also found students with higher GPAs and verbal IQ scores were significantly
more likely to self-report correct or deflated grades, whereas students with lower GPAs and verbal IQ scores
were more inclined to report higher grades (Schwartz & Beaver, 2015).
As for data constraints, only the students who were present when the In-School Questionnaire was
administered had their GPAs recorded. Therefore, we do not have data on all the students in each cohort.
Since some students were given a higher rank and others were given a lower rank than their true rank, we
can assume this error equates to zero.
Lastly, GPA unlike the Peabody Vocabulary Test is determined by many external factors. The two
main sources are individual and school-related external factors. Individual factors include motivation and
parenting skills. Whereas, school-related factors encompass a school’s grade distribution and policies on
curving that make GPA an unstandardized score.
3.2.3 Rank as a Proxy for Ability
There is also concern that rank is just be a proxy for ability. In other words, rank would not be
directly aﬀecting adolescent mental health outcomes and would instead be indirectly aﬀecting this variable
due to its correlation with ability. Under these circumstances, ability, GPA and PPVT-R score, would be
our main variables of interest. In order to reduce the magnitude of this concern, we have included a flexible
polynomial of achievement. These controls proxy for ability, allowing our model to obtain the eﬀect of rank.
3.2.4 Reverse Causality
Reverse causality is also an issue since an individual’s mental health may be aﬀecting his or her rank,
which is the opposite of our study. If the rank measure is correlated with the error term, our fixed eﬀects
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model above will provide biased results.
In our current model, we control for a flexible polynomial in GPA and the Peabody Vocabulary Test
score in hope that the variation in rank will be driven by peer variation rather than individual external
factors. This method however is not perfect, and we will therefore need to use an instrumental variable for
rank to ensure a causal relationship.
We will be using two predetermined rank variables that have a predictive nature for academic and
cognitive ability rank, specifically parental education rank and socioeconomic status, or income rank. Both
measures are ranked separately at the school-cohort level. Parental education rank is a measure of the
highest educational attainment received by at least one of the parents, and the information is taken from
all students in the In-School Questionnaire. Adolescents with a parent who have received their Master’s
degree have the highest rank, followed by college graduates, parents who attended some college courses,
high school graduates, those who attained their GEDs, less than high school, less than eighth grade, and
finally no school. Our other measure income rank is measured by the parent’s reported income from the Add
Health Parent Questionnaire. When each of these instrument are utilized, we continue to include a control
for parental education and add a control for income. These controls are important to include in order to
ensure that each instrument is picking up the eﬀect of rank rather than just the eﬀects of parental education
and income.
Parental education is recorded for all students who were present during the In-School Questionnaire,
and we therefore do not need to drop any of our observations. Whereas, only students who participated in
the In-Home Interview were asked to provide their income, and only about 75% of our sample provided their
income. As a result, our sample decreases to 13.4 thousand students in 131 schools and 461 cohorts. The
summary statistics for our variables are approximately the same, and can be found in Table 4.
Both measures are subject to self-reporting error. Students may feel inclined to lie or may be mis-
informed about their parents’ educational attainment. Similarly, parents may also be inclined to lie or
misinformed about their family’s income. Moreover, socioeconomic rank is also exposed to the errors related
to random sampling, oversampling of minorities, and gender stratification since data for this variable was
only collected by a portion of each school cohort like the PPVT-R rank. More information about how these
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variables can be found in Appendix 6.6 and 6.7.
4 Results
4.1 Baseline Results
We estimate the causal eﬀect of rank on mental health using several variations of Equations 1 and
2. Each of the regressions below has CES-D as the outcome variable, and one of the rank measures as the
explanatory variable. The eﬀects of GPA rank and the Peabody Vocabulary Test rank are computed in
separate regressions.
We start oﬀ with a set of OLS baseline results, which can be found in Table 5. All of the results are
in terms of deciles, meaning an increase in percentile rank by 10 percentage points. We provide the results
in deciles because we later include polynomials for our rank measures in order to pick up the non-linear
eﬀects, which are best interpreted in terms of deciles. In the first column, we use a separate school and
cohort fixed eﬀects model without individual controls apart from a control for ability. Neither GPA rank
nor PPVT-R rank are significant. Next, we add individual controls in Column 2. Although neither ranks
are significant, the goodness of fit increases by about one-third, underlying the importance of the individual
controls. In Column 3, we create a model with a combined school-cohort fixed eﬀects model. Both ranks
become significant at the 10 percent significance level. We estimate that an increase in GPA rank by one
decile leads to a decrease in the CES-D score of depression by 0.177, or 0.024 standard deviations. Moreover,
we find that an increase in PPVT-R rank by one decile leads to a decrease depression by 0.133, or 0.018
standard deviations.
Next, we add polynomials to the second degree for both ranks to capture the potential non-linearities
in this relationship, and these results can be found in Table 6. Using the same method as above, we find
neither rank and its polynomial are jointly significant when using a separate school and cohort fixed eﬀects
model (Columns 1 and 2). Again, once we use the model with combined school and cohort fixed eﬀects, both
ranks and their polynomials are jointly significant at the 5 percent significance level. We estimate that for the
average GPA rank of 0.495, the eﬀect of an increase in rank by one decile on depression is -0.1645, or -0.022
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standard deviations. Due to the positive eﬀects of the polynomial, the marginal eﬀects will become positive
at the 78th percentile. We estimate that adolescents with the lowest rank, 78th percentile rank, and the
highest rank will have CES-D scores equal to 8.31, 6.57, and 6.70, which illustrates its convex relationship.
A graph of this relationship can be found in Appendix 6.2. As for the average PPVT-R rank of 0.509,
we estimate the marginal eﬀect of a one decile increase in PPVT-R rank on depression is -0.121, or -0.02
standard deviations. The marginal eﬀect here will become positive at the 95th percentile. In comparison to
GPA rank, the convex relationship between PPVT-R rank and depression is not nearly as large in magnitude.
Finally, we include the instrumental variables in our model to address the reverse causality concern.
When including percentile parental education and family income rank instruments for both GPA rank and
PPVT-R ranks, our estimates are subject to change. We exclude the flexible control for ability and the
polynomials for both ranks because they create a weak instrument problem. First, we provide the results
using just the parental education rank (Column 2). Compared to Column 1, both GPA and PPVT-R rank
increase from the 10 to 5th significance level and their coeﬃcients increase drastically in magnitude. The
GPA rank coeﬃcient increases by about 4.5 times to -0.797, or about -0.124 standard deviations. Similarly,
PPTV-R increases by approximately 6 times to -0.784, or about -0.121 standard deviations.
Parental education rank is significant for both ranks in the first-stage regression. In addition, we
have provided the results from the weak instrument test, otherwise known as the Cragg-Donald Wald F
statistic (1993), which tests the correlation or predictive nature of instruments on endogenous regressors.
The threshold for a good instrumental variable is an F-statistic greater than 10. For both ranks, our model
predicts an F-statistic of about 60, which is well above the threshold. Considering the results from the
first-stage regression and the weak instrument test, parental education seems to be a good instrument for
rank.
Next, we present the results for model that includes both parental education rank and family income
rank as instruments in Column 3. Both GPA rank and PPVT-R rank increase in significance to the one
percent significance level, and their coeﬃcients also increase in magnitude. The eﬀect of a one decile increase
in GPA rank on depression increases in magnitude to -0.936, or about 0.107 standard deviations. Whereas,
the eﬀect of a one decile increase in PPVT-R rank on depression increases in magnitude to -0.911, or about
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0.105 standard deviations.
In order for instruments to be eﬀective they must be fulfill two requirements. First, they must be
correlated with the endogenous explanatory variable, the relevance requirement. Secondly, they cannot be
correlated with the error term, the exogeneity requirement. In this final model, both parental education
rank and income rank have significant predictive values at the one percent significance level in the first stage
regression. The weak instrument test is approximately 31 for both ranks, which is well above the threshold of
10. This value is about half of the value in Column 2 since we lose about 25% of the sample when including
the income rank as an instrument. Therefore, the relevance requirement is satisfied. As for the exogeneity
requirement, we use the overidentification test of all instruments, otherwise known as the Hansen J statistic
or Sargan-Hansen test (1982), and we are able to use this test when our model is over-identified, meaning
there are more instruments than endogenous variables. Using this test, we asses whether the Two-Stage
least squares residuals are correlated with the instruments, and our test is not rejected. We can therefore
conclude our instruments therefore also satisfy the exogeneity requirement. Considering all three of these
tests, it seems these instruments are appropriate to use in this model.
Lastly, the eﬀect of rank on our CES-D score our sizable compared to other variables. For example,
when we exclude our instruments and change our explanatory variable to parental employment and a dummy
for whether an individual has a disability, we find parental employment decreases a child’s CES-D score by
0.741, and having a disability increases a child’s CES-D score by 1.15. Our parameter of interest lies between
these two coeﬃcients, and therefore seems to have sizable eﬀects on adolescent mental health.
4.2 Other Measures of Mental Health Baseline Results
In addition to using CES-D as our outcome variable, we also provide the OLS and IV estimates
for depression and suicidal ideation dummies, self-esteem, and anxiety. We begin this discussion with a
summary of the OLS baseline results for each variable, which can be found in Table 9. In this model, we use
a combined school and cohort fixed eﬀects model and we do not include polynomials. In summary, we do not
find PPVT-R to be significant for any of the other variables, but we do find GPA rank to be significant for
the Beck Anxiety Inventory. We estimate a one decile increase in GPA rank leads to a decrease in anxiety
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by 0.064, or about .03 standard deviations.
When we include polynomials for rank in our model, we find GPA rank and its polynomial to be
jointly significant for the probability of suicidal ideation and for the Beck Anxiety Inventory. For students
with an average GPA rank of 0.495, we estimate that a one decile increase in GPA rank leads to a decrease in
the probability of suicidal ideation by 0.004 and a decrease in anxiety by 0.061, or 0.025 standard deviations.
The marginal eﬀect of GPA rank on the indicator variable for suicidal ideation will become positive after the
61st percentile. However, the marginal eﬀect of anxiety will never become positive. As for PPVT-R rank,
we only find our self-esteem measure and its polynomial to be jointly significant. For the average PPVT-R
rank of .509, we estimate that a one decile increase in PPVT-R rank leads to an increase in self-esteem by
0.02 points, or 0.007 standard deviations. Here, the marginal eﬀects of PPVT-R rank on self-esteem will
become negative after the 70th percentile. Further information about these estimates can be found in Table
10.
Finally, we present the instrumental variable estimates to account for the reverse causality concern.
As before, we do not include polynomials for ranks or controls for ability because they create a weak
estimation problem. In Table 11, we summarize the results for all of the mental health variables when using
both parental education rank and income rank as instruments, which have both been proven to be valid
instruments in the last section. We find both GPA rank and PPVT-R rank to have similar significant causal
eﬀects on the dummies for depression and suicide. Taking a further look at these two variables, we present
our estimates for these two variables using the same methods for our IV estimates as before in Table 12.
When we only utilize the parental education rank as a instrumental variable, the eﬀects of both ranks are
equal to -0.034. These values are both significant at the 10 percent significance level. With regards to the
probability of depression, GPA rank and PPVT-R rank have eﬀects equal to -0.037 and -0.036, respectively,
and these values are statistically significant at the 1 percent significance level. When we add the income rank
instrument to the model, the eﬀects of GPA rank and PPVT-R rank on the probability of depression increase
in magnitude to -0.038 and -0.037, respectively, and increase in significance to the 5 percent significance level.
As for the probability of suicide, our estimates for GPA rank and PPVT-R rank decrease in magnitude to
-0.031 and 0.03, respectively, and decrease in significance to the 5 percent significance level.
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5 Conclusion
In this paper, we explore the eﬀects of rank within a school-cohort on adolescent mental health
outcomes using the restricted-use data from the National Longitudinal Study of Adolescent to Adult Health.
In our most conservative model with combined school-cohort fixed eﬀects and two instrumental variables, we
find both academic rank, measured by GPA, and cognitive ability rank, measured by the Peabody Vocabulary
Test, have significant negative causal relationships with the Center for Epidemiological Studies-Depression
(CES-D) scale of depression, the probability of depression, and the probability of suicidal ideation. Since
our final results are linear, we estimate people with lower ranks have worse mental health outcomes.
These results add to the existing rank literature because we have provided evidence to show that rank
within a reference group matters for more than just academic outcomes. Moreover, our study adds to the
current peer eﬀects of mental health literature, which has largely shown that peer depression has aﬀects
on individual mental health, by providing evidence that another peer eﬀect, rank, has significant eﬀects on
mental health outcomes.
In relation to policy or parenting, it may be advantageous to move students from a high-ability cohort
to a low-ability cohort in order to increase their rank and therefore improve their mental health. It may also
be beneficial to provide further mental health services for this subset of the population, especially students
with low ranks. For example, one study found that internet based self-help programs for depression with
reminders for appointments have been successful in lowering depression. In fact, by the end of their study,
they found about 20 percent of their sample that received more reminders about the self-help program moved
from a high CES-D score to a normal value (Clarke et al., 2005). This program may also be beneficial for
the adolescent population and specifically those with low ranks.
There are several potential channels to explore from this study. First, this study has not explored
the potential mechanisms in-depth and should be explored. Although some of our mental health variables,
such as self-esteem and anxiety, could be interpreted as potential mechanisms, these variables were not
significant in our final model. Next, it would beneficial to explore the relationship of rank on mental health
outcomes using the Wave III Educational Sample, which provides transcripts through the Adolescent Health
and Academic Achievement study. Although this dataset has significantly less participants, the academic
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rank variable would actually be measured correctly if the schools provide academic rank and would thus
eliminate the measurement error concerns. Lastly, it would be beneficial to explore this relationship with
regards to college students since it appears this relationship can potentially be heightened.
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Tables and Graphs
Table 1: Summary Statistics
Variables N Mean SD Min Max
Outcome Variables:
CES-D 17695 11.205 7.522 0 56
Depression 17695 0.212 0.409 0 1
Suicide 17565 0.132 0.339 0 1
Anxiety 17686 3.368 2.423 0 23
Self-Esteem 17671 16.318 2.545 4 20
Explanatory variables
GPA rank 17695 0.495 0.286 0 1
PPVT-R rank 17695 0.509 0.295 0 1
Instrumental variables:
Education rank 17695 0.500 0.280 0 1
Income rank 13380 0.507 0.297 0 1
Control variables:
GPA 17695 2.759 0.771 1 4
PPVT-R 17695 100.564 14.552 13 139
Female 17695 0.509 0.500 0 1
Repeated a grade 17695 0.208 0.406 0 1
Income 13380 46.984 53.142 0 999
Age in months 17695 193.040 20.143 136 255
Migration background 17695 0.212 0.409 0 1
Race:
White 17695 0.520 0.500 0 1
Black 17695 0.209 0.407 0 1
Hispanic 17695 0.163 0.369 0 1
Asian 17695 0.069 0.253 0 1
Other 17695 0.039 0.193 0 1
Highest parental education:
Less than high school 17695 0.129 0.335 0 1
High School 17695 0.297 0.457 0 1
Some college 17695 0.214 0.410 0 1
College degree 17695 0.360 0.480 0 1
Highest parental occupation:
Unemployed 17695 0.061 0.239 0 1
Other 17695 0.088 0.284 0 1
Blue collar 17695 0.261 0.439 0 1
White collar low-skilled 17695 0.193 0.395 0 1
White collar high-skilled 17695 0.396 0.489 0 1
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Table 2: Heterogeneity in CESD, GPA Rank, and Peabody Test Rank
CES-D GPA rank PPTV-R rank
Variables N Mean SD Mean SD Mean SD
Sex:
Male 8688 10.259 6.661 0.450 0.282 0.526 0.294
Female 9007 12.118 8.165 0.538 0.282 0.492 0.294
Race:
White 9194 10.271 7.246 0.508 0.290 0.546 0.289
Black 3706 11.619 7.568 0.459 0.268 0.453 0.287
Hispanic 2886 12.682 7.882 0.466 0.284 0.466 0.297
Asian 1220 12.974 7.352 0.594 0.285 0.501 0.313
Other 689 12.123 7.795 0.469 0.284 0.513 0.293
Parent education:
Less than high school 2285 13.646 8.118 0.435 0.279 0.393 0.291
High school 5256 11.776 7.478 0.445 0.279 0.461 0.287
Some college 3779 10.696 7.306 0.499 0.282 0.543 0.283
College degree 6375 10.160 7.215 0.555 0.284 0.570 0.290
Parent occupation:
Unemployed 1075 13.053 8.151 0.418 0.271 0.421 0.293
Other 1565 11.835 7.841 0.464 0.285 0.471 0.290
Blue collar 4619 12.138 7.548 0.457 0.280 0.446 0.291
White collar low-skilled 3420 11.206 7.484 0.487 0.283 0.524 0.288
White collar high-skilled 7016 10.166 7.195 0.542 0.286 0.565 0.289
Migration background:
Later Generation 13945 10.895 7.471 0.484 0.285 0.516 0.291
1st/2nd Generation 3750 12.357 7.602 0.534 0.287 0.482 0.306
27
Table 3: Heterogeneity in Depression, Suicide, Anxiety, and Self-Esteem
Depression Suicide Anxiety Self-Esteem
Variables Mean SD Mean SD Mean SD Mean SD
Sex:
Male 0.161 0.368 0.102 0.302 3.046 2.230 16.727 2.348
Female 0.261 0.439 0.162 0.368 3.678 2.557 15.922 2.663
Race:
White 0.171 0.376 0.135 0.342 3.396 2.365 16.266 2.526
Black 0.231 0.422 0.104 0.306 3.161 2.457 16.910 2.369
Hispanic 0.275 0.447 0.138 0.344 3.393 2.558 16.045 2.597
Asian 0.298 0.458 0.161 0.367 3.509 2.273 15.654 2.656
Other 0.241 0.428 0.177 0.382 3.744 2.585 16.132 2.697
Parent education:
Less than high school 0.320 0.467 0.149 0.356 3.541 2.722 15.955 2.547
High school 0.228 0.419 0.126 0.332 3.372 2.476 16.284 2.523
Some college 0.193 0.394 0.137 0.344 3.361 2.377 16.367 2.562
College degree 0.172 0.377 0.128 0.335 3.307 2.285 16.447 2.539
Parent occupation:
Unemployed 0.303 0.460 0.130 0.336 3.430 2.752 16.209 2.571
Other 0.243 0.429 0.129 0.336 3.473 2.595 16.229 2.471
Blue collar 0.244 0.429 0.142 0.349 3.367 2.458 16.237 2.574
White collar low-skilled 0.215 0.411 0.130 0.336 3.393 2.393 16.235 2.557
White collar high-skilled 0.169 0.375 0.128 0.335 3.323 2.317 16.448 2.527
Migration background:
Later Generation 0.198 0.398 0.131 0.337 3.372 2.422 16.405 2.521
1st/2nd Generation 0.265 0.441 0.138 0.345 3.354 2.424 15.994 2.605
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Table 4: Summary Statistics with Income Rank
Variables N Mean SD Min Max
Outcome Variables:
CES-D 13380 10.992 7.470 0 54
Depression 13380 0.201 0.401 0 1
Suicide 13287 0.133 0.340 0 1
Anxiety 13373 3.379 2.396 0 18
Self-Esteem 13366 16.347 2.544 4 20
Explanatory variables:
GPA rank 13380 0.497 0.286 0 1
PPVT-R rank 13380 0.522 0.292 0 1
Instrumental variables:
Education rank 13380 0.511 0.277 0 1
Income rank 13380 0.507 0.297 0 1
Control variables:
GPA 13380 2.776 0.770 1 4
PPVT-R 13380 101.501 14.045 13 139
Female 13380 0.502 0.500 0 1
Repeated a grade 13380 0.202 0.401 0 1
Income 13380 46.984 53.142 0 999
Age in months 13380 191.740 19.928 136 255
Migration background 13380 0.184 0.387 0 1
Race:
White 13380 0.557 0.497 0 1
Black 13380 0.200 0.400 0 1
Hispanic 13380 0.151 0.358 0 1
Asian 13380 0.054 0.226 0 1
Other 13380 0.039 0.193 0 1
Highest parental education:
Less than high school 13380 0.111 0.315 0 1
High School 13380 0.296 0.456 0 1
Some college 13380 0.222 0.416 0 1
College degree 13380 0.371 0.483 0 1
Highest parental occupation:
Unemployed 13380 0.053 0.225 0 1
Other 13380 0.086 0.280 0 1
Blue collar 13380 0.248 0.432 0 1
White collar low-skilled 13380 0.201 0.401 0 1
White collar high-skilled 13380 0.411 0.492 0 1
Notes: This table reports the summary statistics for the variables we use in this model after we include the income rank
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instrument since it drops about 25 percent of our original sample
Table 5: CES-D Baseline Results without Polynomials for Regressors
Independent variables: (1) (2) (3)
Panel A:
GPA Rank -0.062 -0.106 -0.177*
(0.104) (0.100) (0.107)
R2 0.063 0.098 0.095
Panel B:
PPVT-R Rank -0.091 -0.080 -0.133*
(0.069) (0.065) (0.068)
R2 0.063 0.098 0.095
Controls:
Individual ability (quartic) Yes Yes Yes
School FE Yes Yes No
Cohort FE Yes Yes No
Individual controls No Yes Yes
School cohort FE No No Yes
Notes: i) All results are presented in deciles; ii) Standard errors clustered at school level in Columns (1) and (2) and at the
school-cohort level in Column (3); ii) * p<0.10, ** p<0.05, *** p<0.01. Panel A and Panel B are run in separate regressions,
and provide the estimates for GPA rank and PPVT-R rank respectively. Moreover, each column corresponds to a separate
regression model for either academic rank or cognitive ability rank on the CES-D scale of depression. Column (1) provides
results for a model with separate school and cohort fixed eﬀects and without individual controls. Column (2) provides results
for the same model as in Column (1) but includes individual controls. Column (3), provides results for a model with combined
school and cohort fixed eﬀects and individual controls.
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Table 6: CES-D Baseline Results with Polynomials
Independent variables: (1) (2) (3)
Panel A:
GPA rank -0.351 -0.379** -0.446**
(0.217) (0.191) (0.175)
(GPA rank)2 0.304* 0.287* 0.285*
(0.175) (0.161) (0.149)
R2 0.063 0.098 0.096
Joint p-value 0.223 0.142 0.039**
Panel B:
PPVT-R rank -0.246* -0.224* -0.259**
(0.136) (0.123) (0.110)
(PPVT-R rank)2 0.163 0.151 0.136
(0.111) (0.102) (0.096)
R2 0.063 0.098 0.095
Joint p-value 0.195 0.189 0.049**
Controls:
Individual ability (quartic) Yes Yes Yes
School FE Yes Yes No
Cohort FE Yes Yes No
Individual controls No Yes Yes
School cohort FE No No Yes
Notes: i) All results are presented in deciles; ii) Standard errors clustered at school level in Columns (1) and (2) and at the
school-cohort level in Column (3); ii) * p<0.10, ** p<0.05, *** p<0.01. Panel A and Panel B are run in separate regressions,
and provide the estimates for GPA rank and PPVT-R rank respectively. Moreover, each column corresponds to a separate
regression model for either academic rank or cognitive ability rank along with their polynomials on the CES-D scale of depression.
Column (1) provides results for a model with separate school and cohort fixed eﬀects and without individual controls. Column
(2) provides results for the same model as in Column (1) but includes individual controls. Column (3), provides results for a
model with combined school and cohort fixed eﬀects and individual controls. We also include a joint significance p-value for
both ranks and their polynomials.
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Table 7: Academic Rank Baseline Results for CES-D with IV
(1) (2) (3)
Original IV 1 IV 2
GPA rank -0.177* -0.797** -0.936***
(0.107) (0.325) (0.313)
1st stage:
Parental education rank 1.452*** 1.261***
(0.183) (0.210)
Parental income rank 0.530***
(0.106)
F-statistic 61.004 31.138
Overidentification test (p-value) 0.337
Sample size 17,678 17,678 13,380
Notes: i) All results are presented in deciles; ii) Standard errors clustered at the school-cohort level; ii) * p<0.10, ** p<0.05,
*** p<0.01. Each column is run in a separate regression. Column (1) provides the estimates for OLS estimates for comparison.
Column (2) provides the estimates for GPA rank when using parental education rank as an instrumental variable. Column (3)
provides the estimates for GPA rank when using both parental education rank and income rank as an instrumental variable.
Columns (2) and (3) provide the Cragg-Donald Wald F statistic, or the weak instrument test. Column (3) also provides the
results for the Hansen J overidentification test p-value.
Table 8: Cognitive Ability Rank Baseline Results for CES-D with IV
(1) (2) (3)
Original IV 1 IV 2
PPVT-R rank -0.133* -0.784** -0.911***
(0.068) (0.313) (0.304)
1st stage:
Parental education rank 1.476*** 1.268***
(0.231) (0.231)
Parental income rank 0.574***
(0.113)
F-statistic 59.396 31.769
Overidentification test (p-value) 0.396
Sample size 17,678 17,678 13,380
Notes: i) All results are presented in deciles; ii) Standard errors clustered at the school-cohort level; ii) * p<0.10, ** p<0.05,
*** p<0.01. Each column is run in a separate regression. Column (1) provides the estimates for OLS estimates for comparison.
Column (2) provides the estimates for PPVT-R rank when using parental education rank as an instrumental variable. Column
(3) provides the estimates for PPVT-R rank when using both parental education rank and income rank as an instrumental
variable. Columns (2) and (3) provide the Cragg-Donald Wald F statistic, or the weak instrument test. Column (3) also
provides the results for the Hansen J overidentification test p-value.
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Table 9: Other Measures of Mental Health Baseline Results without Polynomials
(1) (2) (3) (4) (5)
CES-D Depression Suicide Self-Esteem Anxiety
Panel A:
GPA rank -0.177* -0.008 -0.005 0.048 -0.064*
(0.107) (0.006) (0.005) (0.037) (0.035)
Panel B:
PPVT-R rank -0.133* -0.006 0.002 0.025 0.020
(0.068) (0.004) (0.003) (0.023) (0.023)
Notes: i) All results are presented in deciles; ii) Standard errors clustered at the school-cohort level; ii) * p<0.10, ** p<0.05,
*** p<0.01. Panels A and B are run in separate regressions. Moreoever, each column corresponds to a separate regression with
a diﬀerent outcome variable. Specifically from Column (1) to (5), we have CES-D scale of depression, the probability of being
depressed, the probability of suicidal ideation, a measure of self-esteem, and the Beck Anxiety Inventory scale of anxiety. Each
regression is run with all the individual controls listed in the Empirical Strategy.
Table 10: Other Measures of Mental Health Baseline Results with Polynomials
(1) (2) (3) (4) (5)
Variables CES-D Depression Suicide Self-Esteem Anxiety
Panel A:
GPA rank -0.446** -0.018* -0.022** 0.055 -0.101*
(0.175) (0.010) (0.009) (0.056) (0.055)
(GPA rank)2 0.285* 0.010 0.018** -0.008 0.040
(0.149) (0.008) (0.008) (0.048) (0.046)
Joint p-value 0.039** 0.183 0.034** 0.413 0.127
Panel B:
PPVT-R rank -0.259** -0.007 0.000 0.074** 0.002
(0.110) (0.006) (0.005) (0.034) (0.037)
(PPVT-R rank)2 0.136 0.002 0.002 -0.053* 0.020
(0.096) (0.005) (0.005) (0.031) (0.032)
Joint p-value 0.049** 0.250 0.717 0.099* 0.569
Notes: i) All results are presented in deciles; ii) Standard errors clustered at the school-cohort level; ii) * p<0.10, ** p<0.05,
*** p<0.01. Panels A and B are run in separate regressions. Moreover, each column corresponds to a separate regression with
a diﬀerent outcome variable. Specifically from Column (1) to (5), we have CES-D scale of depression, the probability of being
depressed, the probability of suicidal ideation, a measure of self-esteem, and the Beck Anxiety Inventory scale of anxiety. Each
regression is run with all the individual controls listed in the Empirical Strategy and each rank’s polynomial. We also provide
a joint significance p-value for both ranks and their polynomials at the bottom of each panel.
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Table 11: Other Mental Health Variables Baseline Results with IV
(1) (2) (3) (4) (5)
CES-D Depression Suicide Self-esteem Anxiety
Panel A:
GPA rank -0.936*** -0.038** -0.031** 0.069 0.005
(0.313) (0.018) (0.014) (0.112) (0.111)
Panel B:
PPVT-R rank -0.911*** -0.037** -0.030** 0.066 0.002
(0.304) (0.017) (0.014) (0.108) (0.107)
Notes: i) All results are presented in deciles; ii) Standard errors clustered at the school-cohort level; ii) * p<0.10, ** p<0.05,
*** p<0.01. Panels A and B are run in separate regressions. Moreover, each column corresponds to a separate regression with
a diﬀerent outcome variable. Specifically from Column (1) to (5), we have CES-D scale of depression, the probability of being
depressed, the probability of suicidal ideation, a measure of self-esteem, and the Beck Anxiety Inventory scale of anxiety. Each
regression is run with both instrumental variables and all the individual controls listed in the Empirical Strategy except for
ability.
Table 12: Baseline Results for Depression and Suicide with IV
(1) (2) (3) (1) (2) (3)
Original IV 1 IV 2 Original IV 1 IV 2
Panel A: Panel B:
Depression:
GPA rank -0.008 -0.034* -0.038** PPVT-R rank -0.006 -0.034* -0.037**
(0.006) (0.019) (0.018) (0.004) (0.019) (0.017)
Suicide:
GPA rank -0.005 -0.037*** -0.031** PPVT-R rank 0.002 -0.036*** -0.030**
(0.005) (0.014) (0.014) (0.003) (0.013) (0.014)
1st stage:
Parental education rank 1.452*** 1.261*** 1.476*** 1.268***
(0.183) (0.210) (0.201) (0.231)
Parental income rank 0.530*** 0.574***
(0.106) (0.113)
F-statistic 61.004 31.138 59.396 31.769
Overidentification test (p-value) 0.425 0.473
Sample size 17,678 17,678 13,380 Sample size 17,678 17,678 13,380
Notes: i) All results are presented in deciles; ii) Standard errors clustered at the school-cohort level; ii) * p<0.10, ** p<0.05,
*** p<0.01. Panel A on the left-hand side provides the results for GPA rank, and Panel B on the right-hand side provides the
results for PPVT-R rank. Both panels are run in separate regressions. Moreover, each column uses a diﬀerent regression model.
Column (1) provides the estimates for OLS estimates for comparison. Column (2) provides the estimates for either rank when
using parental education rank as an instrumental variable. Column (3) provides the estimates for either rank when using both
parental education rank and income rank as an instrumental variable. Columns (2) and (3) provide the Cragg-Donald Wald F
statistic, or the weak instrument test. Column (3) also provides the results for the Hansen J overidentification test p-value.
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6 Appendix
6.1 CESD Measure
Definition: Sum over the following variables
Coding of responses: 0 = never or rarely, 1 = sometimes, 2 = a lot of the time, 3 = most of the time or all
of the time
Questions:
(1) "You were bothered by things that usually don’t bother you."
(2) "You didn’t feel like eating, your appetite was poor."
(3) "You felt that you could not shake oﬀ the blues, even with help from your family and your friends."
(4) "You felt that you were just as good as other people?"
(5) "You had trouble keeping your mind on what you were doing."
(6) "You felt depressed."
(7) "You felt that you were too tired to do things."
(8) "You felt hopeful about the future."
(9) "You thought your life had been a failure." (10) "You felt fearful." (11) "You were happy."
(12) "You talked less than usual."
(13) "You felt lonely."
(14) "People were unfriendly to you."
(15) "You enjoyed life."
(16) "You felt sad."
(17) "You felt that people disliked you."
(18) "It was hard to get started doing things."
(19) "You felt life was not worth living."
Most questions are worded such that a response of 3, most of the time, is associated with a higher depression
score. Only questions 4, 8, 11, and 15 were worded positively, and have been reverse coded.
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•6.2 GPA Measure
Row mean of the following four variables
Responses: 1 = D or lower, 2 = C, 3 = B, 4 = A, 5 = didn’t take this subject, 6 = took the subject, but it
wasn’t graded this way
(1) At the most recent grading period/last grading period in the spring, what was your grade in English or
language arts?
(2) At the most recent grading period/last grading period in the spring, what was your grade in math?
(3) At the most recent grading period/last grading period in the spring, what was your grade in history or
social studies?
(4) At the most recent grading period/last grading period in the spring, what was your grade in science?
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We transform the GPA ranks percentile ranks at the school cohort level in order to make ranks comparable
across school cohorts of diﬀerent sizes and more importantly for the purpose of comparing student’s relative
competitiveness. We use the equation below, where the person with the lowest GPA had a rank of 0 and the
person with the highest has a rank of 1.
Percentile rank =
(ordinal rank-1)
(number of students in the school cohort - 1)
(3)
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6.3 Peabody Picture Vocabulary Test Rank Measure
The Peabody Picture Vocabulary Test rank uses the same equation as GPA (Equation 3).
6.4 Beck Anxiety Inventory
Average of the following six variables
Responses: 0 = never, 1 = just a few times, 2 = about once a week, 3 = almost every day, 4 = every day
Questions:
Please tell me how often you have had each of the following conditions in the past 12 months.
(1) Feeling hot all over suddenly, for no reason
(2) Cold sweats
(3) Chest pains
(4) Fearfulness
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(5) A stomach ache or an upset stomach
(6) Trouble relaxing
6.5 Self-Esteem
Average of the following four variables
Coding of responses: 1 = strongly disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, 5 =
strongly agree.
Questions:
(1) You have a lot to be proud of.
(2) You like yourself just the way you are.
(3) You feel like you are doing everything just about right.
(4) You have a lot of good qualities.
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6.6 Parental Education Rank
We take the highest level of education received by one parent. In order to calculate the rank, we use the
same formula as in Equation 3.
Reponses: 0 = no education, 1 = eighth grade or less, 2 = more than eighth grade, but did not graduate
from high school, 3 = received GED, 4 = high school, 5 = some education after high school, 6 = attended
college but did not graduate, 7 = college graduate, 8 = Master’s degree
Questions
(1) Section 14 is about the woman who functions as a mother in the respondent’s household; she could be
the biological mother, step mother, foster mother, or adoptive mother, or perhaps a grandmother or aunt.
How far in school did she go?
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(2) Section 15 is about the man who functions as a father in the respondent’s household. If there is no such
man, the section is skipped. It is virtually identical to Section 14. How far in school did he go?
6.7 Income Rank
Same formula as in Equation 3.
Responses: Range from $0 to $999 (in thousands)
Questions:
(1) About how much total income, before taxes did your family receive in 1994? Include your own income, the
income of everyone else in your household, and income from welfare benefits, dividends, and all other sources.
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